Although antibiotics have virtually eliminated the mortality associated with acute haematogenous osteitis, there is still an unacceptably high incidence of chronic infection, deformity, and disability. The virulence of the causative organism, the host resistance, delay in diagnosis, and inadequate treatment are all factors that should be considered if failure of primary treatment leads to complications. Rest, splintage, and antibiotics are now accepted as essential to the successful treatment of a child with osteitis. The place of surgery in management remains controversial. This paper reports the clinical features and management of 217 cases of acute haematogenous osteitis, and the experience gained in treatment is discussed.
appearances (periosteal new bone formation, cortical erosions, or metaphyseal cavities), or the diagnosis was confirmed at operation. The patients comprised 131 established cases, and 86 in whom the diagnosis was presumptive. All patients had histories of less than 14 days and they were all under the care of four general paediatric surgeons.
Results
154 of the 217 patients were boys, a male preponderance of 2 4:1 (2*1:1 in the established cases). The age and sex distribution is shown in Fig. 1 .
The average length of history before admission was 3 5 (range 1-14) days. A history of trauma to the affected area was established in 79 (36%) patients, Patients and methods 217 patients with acute haematogenous osteitis were seen at three Edinburgh hospitals during the 10-year period 1967-76. An analysis is made of factors that were relevant to success or failure in their management. We have included patients in whom a presumptive clinical diagnosis was made; the reasons for this are discussed later. The criteria accepted for the diagnosis of osteitis were: (1) a raised temperature, (2) localised bone tenderness, (3) localised swelling. In addition, one of the following had to be present too: (a) erythema, (b) localised temperature increase, or (c) decreased range of movement.
Patients in whom the diagnosis was established had either positive blood cultures or abnormal x-ray and the finding of a septic focus was present in 23 (11 %). Sites of bone infection and the incidence for each site are shown (Table 1) . In 3 patients more than one bone was affected: in 2 the tibia and fibula of the same leg, and in the third the tibia and contralateral fibula.
The initial white blood cell counts (WBC) and erythrocyte sedimentation rates (ESR) are shown in Fig. 2 . All but 8 patients were pyrexial on admission. The initial temperature, WBC, and ESR, whether taken singly or in combination, did not help to determine which patients should have surgery. Table 2 . Staphylococcus aureus was isolated in 90 % of positive blood cultures and was resistant to benzylpenicillin in 85 % of them.
In 26 patients abnormalities were noted on the initial x-ray films, and 14 of them underwent surgery -10 within 48 hours and the other 4 within 4 days. Follow-up x-ray films showed evidence of osteitis in a further 67 patients. This finding was noted between 8 and 21 days after admission in 63 cases, and was found later in the remaining 4. A total of 94 patients therefore had x-ray evidence of infection, 43 % of the whole group and 71 % of the established group.
All patients received antibiotics after the first blood cultures had been taken. The initial doses were given parenterally and changed to the oral preparations if there was good evidence of clinical response. Lincomycin was used alone in 71 patients and in combination with other antibiotics in a further 24.
Cloxacillin was used in combination (usually with ampicillin) in 94 patients, and as the sole antibiotic in 18. Fusidic acid was used in 9 patients and gentamicin was used in a child with Escherichia coli infection.
69 patients underwent surgery, 51 within 48 hours of admission. A further 15 cases were operated on between 2 and 4 days after admission, and the remaining three after 6, 8, and 12 days.
In all but 4 patients medullary drilling was undertaken, as was drainage of any subperiosteal abscess. In these 4 subperiosteal drainage only was undertaken. Pus was found in 58 patients, and in 5 of the remaining 11, swabs from the drill holes and medullary cavity grew pathogenic organisms. In 3 patients the pus found at operation failed to yield organisms. S. aureus was isolated in 93 % of positive cases and was resistant to benzylpenicillin in 90% of them (Table 2) . Pus was found subperiosteally in 28 patients, within the medullary cavity in 16, and in both sites in 14. Of the 51 patients operated on within 48 group.bmj.com on October 21, 2017 -Published by http://adc.bmj.com/ Downloaded from hours, bacteriological proofofthe diagnosis was made only from the pus found at operation in 18 cases, all the blood cultures being sterile. In 3 patients the bone culture was sterile but blood cultures grew pathogenic organisms. In a further 3 cases neither source yielded bacteria. In the remaining 27 cases both sites grew the same pathogenic organism.
In 8 patients the temperature on admission was normal and remained so. In 6 patients the initial recorded temperature was raised but no further information was recorded. 91 % of patients with pyrexia had a normal temperature within 6 days of admission. No relationship between failure of treatment and the day the temperature became normal could be found.
Seven patients developed septic arthritis, 6 after surgery. Four of these followed operations on the neck of the femur and the hip joint became affected. The other 3 affected the knee, the elbow, and the talocalcaneo-navicular joint. A further 23 patients developed sympathetic joint effusions which were sterile.
Two patients had delayed wound healing but in neither was this a major problem and no sinuses developed. One patient developed septic shock after surgery, another an acute toxic psychosis, and one child developed a serious staphylococcal pneumonia from which she made a good recovery. Long-term temporary complications (that is, noninfective complications arising 3-9 months after admission which had resolved by 3 years) were noted in 4 patients. In 2 this was limb lengthening and in 2 limb shortening, but within 3 years these abnormalities had resolved.
In this series, 9 patients failed to respond to initial management and the reasons for this are listed (Table 3) . Five developed chronic osteitis and one has required limb lengthening surgery. The other 4 eventually recovered fully cured, but one of these children developed a Brodie's abscess 5 years after her initial treatment. Two further patients each developed a Brodie's abscess 3 years after his initial admission. Another child developed an acute flare-up 8 weeks after stopping treatment, and the final patient developed an intramedullary abscess one month after starting treatment.
It was noted that in 3 of the failures who developed chronic osteitis, the ESR 3-4 weeks after presenta- There is currently a great range of antistaphylococcal drugs available. Success in the treatment of acute haematogenous osteitis has been documented using fusidic acid,2 cloxacillin,4 lincomycin,5 co-trimoxazole,6 and the cephalosporins.7 In the series reported none of the staphylococci was resistant to cloxacillin. Whichever antibiotic or combination of antibiotics is used in the treatment of osteitis, we believe that there are 3 main principles to be taken into consideration: (1) the initial doses should be high, (2) the initial doses should always be parenteral, and (3) they should be continued for an average of 6 weeks.
A careful watch should be kept on organism sensitivities with reappraisal of any antibiotic policy periodically. From these data we have no reason to change our policy regarding lincomycin or cloxacillin as good 'best-guess' antibiotics. The incidence of Haemophilus influenzae osteitis in this series was low, and the routine use of ampicillin has now been dropped in favour of cloxacillin alone or in combination with fusidic acid.
There were 4 failures in which inadequate antibiotics were considered to be part of the reason for failure (2 were given lincomycin and 2 cloxacillin). In 2 of these there was delay in diagnosis, in one child 7 days' delay and in the other 26 days. The child with the 7-day delay probably had an inadequate dose of cloxacillin and developed a sequestrum after 4 months. The other child was admitted to a nonsurgical ward as a case of pyrexia of unknown origin and was given antibiotics (including lincomycin) without a diagnosis having been arrived at. After 26 days she was noted to have a tender left femur and x-ray films showed gross destruction with a sequestrum. This was removed, and she slowly responded with new bone growth. She developed a pathological fracture after 6 months, necessitating further immobilisation and after 4 years was found to have 6 cm of shortening. She underwent leg lengthening with an excellent functional result. The child who had a short course of antibiotics has already been mentioned. The fourth child was given antibiotics sporadically by his mother after discharge and returned after 3 months with a sequestrum; after removal he made an uneventful recovery.
The place of surgery and even the extent of surgery remain unresolved. [3] [4] weeks, the ESR is greater than half the rate at admission, in our experience, about one-third of these cases will progress to chronic osteitis.
